These authors contributed equally to this work Background: Hepatocellular carcinoma (HCC) is the second leading causes of cancerrelated death. HCC is usually based on chronic liver disease, mainly including chronic hepatitis C virus infection or chronic hepatitis B virus (HBV) infection. Objective: The objective of the study was to evaluate the impact of the nucleos(t)ide analog (NA) use on the prognosis of patients with HBV-related small hepatocellular carcinomas (HBV-SHCC). Methods: In this retrospective study, there were 134 patients who had been treated with long-term NA before SHCC diagnosis as NA-experienced group, 43 patients received NAnaïve treatment after SHCC diagnosis as NA-naïve group, and 15 patients who did not receive NA treatment as untreated group. Among these patients, some patients underwent surgical resection and others with local recurrence were treated with transarterial chemoembolization (TACE), TACE-percutaneous microwave coagulation therapy or TACE alone. The Kaplan-Meier and Cox-proportional hazard model were used to calculate the survival analysis.
Introduction
Liver cancer is common and the second leading causes of cancer-related death. Moreover, the majority of hepatocellular carcinoma (HCC) cases occur in Asia and Africa, especially in China, which accounts for more than 50% of HCC cases worldwide. 1, 2 HCC is the major histological subtype among all types of primary liver cancers. 3 Hepatotropic virus including hepatitis B virus (HBV) and hepatitis C virus (HCV) are major causes of HCC. 4 Besides, the mechanism of HBV promoting HCC progression was the induction of liver fibrogenesis, cirrhosis, genetic and epigenetic alterations, and the expression of viral-coded proteins. 5 The definition of small hepatocellular carcinomas (SHCC) consists of a single HCC nodule <5 cm or up to 3 nodules and a maximum diameter of each nodule <3 cm, and single HCC nodule <3 cm is generally considered to early stage HCC in the Barcelona Clinic Liver Cancer (BCLC) criteria. 6 Up to date, intervention treatments for SHCC patients mainly include surgical resection, liver transplantation, local mini-invasive therapies including transarterial chemoembolization (TACE), percutaneous microwave coagulation therapy (PMCT), percutaneous ethanol injection, etc. [7] [8] [9] A series of studies previously have reported that the local mini-invasive therapies (monotherapy or combined therapy) were safe and effective for HBV-SHCC patients in the short term. [10] [11] [12] However, little attention has been focused on the medical treatment of HBV-SHCC patients, such as nucleos(t)ide analog (NA) treatment combined with TACE treatment.
Antiviral treatment for HBV patients can reduce but not completely eliminate the occurrence of HCC. 1 Therefore, patients with chronic hepatitis B were still at high risk of HCC even if receiving NA treatment. Additionally, HBV reactivation could be present in patients who received aforementioned intervention treatments, even caused liver function failure. 13 Therefore, the inhibition of viral replication might be a reasonable target for SHCC treatment to prolong the survival time of SHCC patients. Currently, antiviral therapy mainly includes interferon and NA. NA includes lamivudine (LAM), telbivudine (TBV), adefovir dipivoxil (ADV), entecavir (ETV) and tenofovir (TDF). Previous researches have proven that NA was an appropriate option for all HCC patients with viral replication. Jiang et al and Huang et al reported that prophylactic NA treatment should be routinely performed as a key adjuvant therapy undergoing surgical resection for HBV-HCC patients. 14, 15 Furthermore, Huang et al reported that antiviral therapy with TBV can significantly decrease the preoperative reactivation of viral replication in patients with HBV-HCC undergoing surgical resection. 16 Wu et al reported that NA use was linked to a lower risk of HCC recurrence among patients with HBV-related HCC after liver resection in 2012. 17 Then, Wu and colleagues reported that NA use was also associated with mortality of HBV-related HCC patients following TACE in 2013. 18 However, to our best knowledge, there were scarce of reports of the impact of antiviral therapy on the survival of HBV-SHCC patients, especially for patients suffering from viral breakthrough. Therefore, data were collected and analyzed to assess the effect of NA treatment and viral load fluctuation on the survival of HBV-SHCC patients.
In this study, our study attempted to indicate whether NA treatment could improve the prognosis of HBV-SHCC patients. Then, the appropriate treatment protocols for HBV-SHCC patients were found and selected. Furthermore, the importance of surveillance viral response was emphasized during antiviral treatment. The timely rescue treatment was critical to improve prognosis once viral breakthrough occurring irrespective of liver function status.
Methods Ethics
This investigation conforms to the principles outlined in the Declaration of Helsinki. This study was approved by the Ethics Committee of the Second Hospital of Nanjing, Nanjing, China. All patients provided written informed consent prior to participation in the study protocol.
Collection of data
We checked all SHCC patients admitted and treated in the second hospital of Nanjing from August 2006 to August 2015. The inclusion criteria for the study population were as follows: a) HBsAg positive; b) patients aged between 13 and 81 years; c) single SHCC (≤3 cm) or multifocal HCC <3.0 cm in greatest dimension; d) diabetes mellitus and hypertension, if present, were controlled with medications; and e) no multiple organ failure and no severe underlying diseases; f) treated with TACE. Patients were excluded from the study if they a) follow-up <12 months; b) HBsAg negative or HCV antibody (HCV-Ab) positive; c) received other antiviral therapy (ART) treatments or local mini-invasive therapies in other hospitals; d) were missing data; e) were not tracked adequately; f) withdraw drug; g) irregularly taken medication; h) received systemic chemotherapy; i) received sorafenib; or j) had another type of malignant tumor.
SHCC was diagnosed according to the Barcelona criteria for the study of Liver Disease guidelines. A total of 192 patients with single SHCC (≤3 cm) or multifocal HCC <3.0 cm in greatest dimension were included in this study. The inclusion criteria and excluded criteria of HBV-SHCC are summarized in Figure 1 . Newly-diagnosed SHCC patients who received the treatment (all follow-ups were completed in August 2016) were included. Informed consent of therapeutic protocols and use of clinicopathological data for this study was obtained from all patients. We collected clinical, laboratory data from each patient at the time of SHCC diagnosis including age, gender, etiology of liver disease and other chronic diseases, Child-Pugh grade and BCLC stage, AFP levels, antiviral therapeutic process. From the radiological outcomes, tumor characteristics were collected including tumor size, tumor numbers, intrahepatic metastases and vascular invasion.
The main endpoint was survival time, which was defined as the duration from the time point of primary treatment for HBV-SHCC to death, otherwise to August 2016. The second endpoint was outcomes including survival and death during follow-up.
Treatments and follow-up
After antiviral therapy, patients were monitored every 1-3 months. HBV-SHCC patients were assessed for treatment response by combining HBV viral load with liver function. For patients who experienced viral breakthrough, subsequent rescue treatment was administered by physicians after obtaining informed consent.
Statistical analyses
Continuous data were presented as mean ± SD for normal distribution, M (Q1-Q3) for skewed distribution. They were compared by Kruskal-Wallis test or one-way ANOVA adjusted for multiple comparisons, as appropriate. For categorical variables, Chi-square test and Fisher exact test were performed. The cumulative survival rates were generated using the Kaplan-Meier method. Cox-regression analysis was performed to screen the influence factor of outcomes. All statistical tests were 2-sided, and P<0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA).
Results

Patient population
In total, 359 patients with HBV-SHCC were initially admitted and treated in the Second Hospital of Nanjing from August 2006 to August 2015. According to the included and excluded criteria, 192 patients treated with TACE were enrolled, including 148 male and 44 female (mean age, 55.24±10.69 years; range, 13-82 years). As showed in Table 1 
Survival rate
Risk factors associated with the survival of HBV-SHCC by subgroup analyses. The Kaplan-Meier survival analyses were used to analyze the influence factors of survival rates among the different subgroups. There were no significant differences in the cumulative survival rate when classifying by gender (Log-rank, P=0.735), cirrhosis (Log-rank, P=0.539), IM (Log-rank, P=0.487), NA strategies (Log-rank, P=0.190). However, there were significant differences in the cumulative survival rate of SHCC patients with Child-Pugh grade, BCLC stage, PVTT, ART timing, viral response (all of them, Logrank, P<0.05). As shown in Figure 2A -C, patients with Child-Pugh A, BCLC stage A and without PVTT have higher cumulative survival rate than patients classified as Child-Pugh B and BCLC stage B or classified as Child-Pugh C, BCLC stage C and BCLC stage D, with PVTT (Log-rank, P=0.008, P<0.001 and P<0.001, respectively). Likewise, the data indicated that patients who have received NA-experienced treatment and getting MVR have higher cumulative survival rate than those of NAnaive treatment group or untreated treatment group from Figure 3A . Moreover, according to the calculation of Figure 3B , patients who have gotten MVR or received timely rescue therapy after viral breakthrough have higher cumulative survival rate than those of sustained lower level viral after viral breakthrough or non-response (Log-rank, P<0.001).
Results of univariate survival analysis demonstrated that viral breakthrough was a prognostic predictor. Viral breakthrough was associated with worse overall survival rate (HR =4.537, P=0.016). Other prognostic variables were presented in Table 3 . Of these variables, patients with Child-Pugh A (HR=0.059, P<0.001), BCLC stage A (HR=0.048, P<0.001), without PVTT, MVR were related to better overall survival rate. in the analysis were Child-Pugh grades, BCLC stages, PVTT, and virology response. Table 3 shows that viral breakthrough (HR=3.624, P=0.044) was an independent risk factor of the survival of HBV-SHCC. In contrast, BCLC stage A (HR=0.022, P=0.001) and BCLC stage B (HR=0.040, P=0.005) were independent protective factors for the survival of HBV-SHCC. Namely, viral breakthrough was a significant risk factor for HBV-SHCC development with a HR of 3.624 (95% CI, 1.035-12.687; P=0.044) together with worse BCLC stages.
Discussion
HCC is one of the major causes of cancer-related mortality worldwide, with most of the cases associated with sustained HBV or HCV infection. 19, 20 In particular, chronic HBV infection is the main risk factor for the development of HCC in Asian and African populations. 21 Surgical resection, liver transplantation, PMCT, and TACE are increasingly used for the treatment of HCC. [22] [23] [24] Of these treatments for HCC, TACE is effective in prolonging survival time. Moreover, it has been shown to be as effective as surgical resection. 25, 26 However, with regard to TACE in patients with HBV-SHCC, HBV reactivation and the subsequent hepatic failure directly caused by HBV reactivation have been reported scarcely and taken seriously by radiologist and clinician. Therefore, our study focused on investigating the impact of NA treatment on the survival of HBV-SHCC patients treated with TACE. The medical history, imaging features and laboratory results of HBV-SHCC patients were analyzed comprehensively. Three aspects of this problem have been addressed in the present study. The first question involved the comparison of NA-experienced, NA-naïve and non-NA treatment modalities for HBV-SHCC patients undergoing TACE. The second aspect demonstrated that patients treated with ADV and LAM+ADV had longer survival time than those treated with ETN, LAM and TBV. The third question was associated with the exploration of predictive factors for HBV-SHCC patients. It was confirmed that there were significant differences in the cumulative survival rate of HBV-SHCC patients, including Child-Pugh grade, BCLC stage, PVTT, and virology response. Then, Cox-regression analysis indicated that BCLC stages and virology response were independent predictors for HBV-SHCC patients. HCC is the malignancy with the highest association with HBV infection. 27 Moreover, HBV reactivation and abnormal liver function might be accompanied by severe clinical symptoms in the development of chronic hepatitis. Therefore, antiviral therapy timing was vital to prevent the development of chronic hepatitis. The ultimate goal of treatment for CHB is to prevent HCC, but not completely eliminate HCC. 28 Moreover, once HCC occurred, patients might undergo surgical resection, liver transplantation, and local mini-invasive therapies. 7 Of these treatments might be one of the reasons leading to HBV reaction. 29 It was controversial that the incidence of HBV reactivation of HCC patients during or after TACE was not as frequent as with systemic chemotherapy for hematological malignancies. 30 Some research team reported that postoperative HBV-HCC patients receiving NA treatment might have longer survival times compared to patients without NA. 29, [31] [32] [33] In our study, it was demonstrated that ART timing was not only associated with the survival times, but the cumulative survival rate of NA-experienced group was higher than NA-naïve group or untreated group for HBV-SHCC patients. Namely, patients receiving NA-experienced group had longer survival times than receiving NA-naïve group or untreated group. During the last decade, great strides have been made in the treatments of HBV infection, especially in Asian. Shim et al reported that extending of oral antiviral indication may reduce the HCC risk in Korea. 34 The inhibition of viral replication could represent a reasonable target for HCC prevention. 35 However, there were different views about the choice of NAs. Some research groups have drawn different values about the type of NAs in HBV-HCC patients. Papatheodoridis et al indicated that CHB patients treated with mid-term nucleoside analogs had a significantly lower incidence of HCC than untreated patients, but could not completely eliminate the risk of HCC and prevent the development of HCC. 36, 37 Yoo et al reported that current treatment with NAs can successfully suppress the virus replication but cannot eradicate cccDNA. Thus, there still remains a great need for a cure for HBV. 38, 39 In brief, patients should continue to undergo HCC surveillance even if they have achieved successful HBV suppression. 40, 41 Up to date, ETV and TDF are considered to be high resistance barrier antiviral drugs, which belong to the firstline antiviral therapy of chronic HBV infection. 42 We strive to find out the evidence and literature that ETV can prolong the survival time of patients with HCC. However, by searching for a large number of relevant literature, it also has not been confirmed that ETV can prolong the survival time of patients and improve the overall survival rate compared with other antiviral drugs. 33, [43] [44] [45] Based on the conclusions of our article, we analyze the reasons as follows. First of all, we cannot rule out the result bias caused by our small sample size. Secondly, Stalke et al has indicated that low HBV viral load predicted positive response to antiviral therapy. 46 The ideal candidate for antiviral therapy is an immunocompetent, young female with low HBV viral load and elevated alanine transaminase activity. 46 Although there was no statistical difference among all patients receiving antiviral therapy, ADV accounted for the highest proportion of patients before SHCC diagnosis. This may be responsible for the inhibition of the virus after ADV treatment, resulting in longer survival time of patients treated with ADV than other antiviral drugs. Thirdly, Jin et al have reported that ETV monotherapy can improve hepatic function in HBV-related HCC patients. An early virological response to ETV is prognostic of improved survival following curative therapy against HBV-related HCC in 2011. 45 In the same year, Wong et al reported that anti-viral therapy has potential beneficial effects after the curative treatment of HBV-related HCC in terms of tumor recurrence, liver-related mortality and overall survival. Antiviral therapy should be considered after curative treatment of HCC. 44 Then, Kim et al showed that overall survival and recurrence-free survival were better in the ETV-treated patients than in the LAM treated-patients, indicating that the potent antiviral drug should be the preferred choice in HBV-related HCC patients in 2016. 47 Cho et al reported that antiviral agents with high genetic barrier to resistance (ETV and TDF) reduced the risk of HCC recurrence compared with other antivirals and no antiviral treatment, especially in patients with high baseline viral load in 2018. 48 However, there are conflicting or ambiguous views on the difference of therapeutic outcomes between nucleoside analogs and HCC. Firstly, Hsu et al reported that the risk of HCC in patients with chronic hepatitis B receiving ETVor TDF declines over time and is determined by age, male sex, cirrhosis, diabetes, and HCV coinfection. 49 In addition, Arends et al reported that cumulative incidence of HCC is low in patients treated with ETV, but ETV does not eliminate the risk of HCC. 43 Shin et al and Liu et al reported that the antiviral efficacy of ETV and LAM was similar and the type of antiviral agents did not influence overall survival in patients with HBV-HCC. 33, 50 Then, Huang et al reported that ART with TBV can significantly decrease the preoperative reactivation of viral replication in HBV-HCC patients undergoing surgical resection. 16 Zhong et al reported that LAM and ADV were associated with similar survival benefit in patients with HBV-HCC after surgical resection treatment. 28 What is more, Liu et al further affirmed that in HBV-HCC patient after curative treatment, NA improve the prognosis; ETV was not found to be superior to other NA based on available data by using meta-analysis. 33 We also found an interesting phenomenon that the incidence of complete suppression of HBV DNA replication after initial antiviral therapy with ETV after SHCC diagnosis was not high, and the specific reasons are not yet clear. There are a small number of literature supporting that ADV antiviral therapy can prolong the survival time of patients. Huang et al reported that patients with hepatitis B-related HCC receiving ADV treatment reduced late HCC recurrence and significantly improved overall survival after R0 hepatic resection in the randomized controlled trial in 2015. 16 Additionally, Akima et al reported that their findings suggest that the addition of ADV to ongoing LAM therapy cannot completely suppress hepatocarcinogenesis, but is useful for improving liver function in patients with LAM-resistant HBV-related cirrhosis, allowing HCC surgery. 51 However, due to the drug properties of ADV, the therapeutic effects of ADV have been evaluated in some literature. First of all, Elefsiniotis et al indicated that ADV suppresses viral replication in more than 70% of LAM-R cirrhotic patients during the first year of treatment in 2009. 52 Then, Hosaka confirmed that HCC can develop in cirrhotic patients receiving ADV add-on LAM. Hence, the patients with baseline AST≥70 IU/L and YIDD mutants would need to be monitored closely for HCC in 2010. 53 To sum up, larger samples and further prospective studies should be carried out to confirm the results of this study in the future. There were rare reports about the relationship between NA treatment and survival of HBV-SHCC patients in China. In our study, we found that ART timing was not only associated with survival time, but also patients receiving ADV monotherapy or combined with LAM had longer survival time than those of other three NA groups. This result was not completely the same to other research groups. 33, 50 We found that most patients receiving ADV or LAM+ADV had longer survival time than ETV groups. Of these patients, it was found that 48 (78.68%) patients treated with ADV and 22 (84.62%) patients treated with LAM+ADV in the experienced NA group and got MVR or timely rescue treatment, 13 (21.31%) patients treated with ADV and 4 patients (15.38%) treated with LAM+ADV in the naive NA group by further analysis. Therefore, it might be appropriate to continue to take ADVor LAM+ADV for HBV-SHCC patients who have gotten MVR, even from theoretical point of view, the rate of drug resistance of ADV was higher than ETV. However, mechanisms leading to this kind of results were unclear and needed further study.
Sustained HBV replication was associated with the HCC development. 5 Patients with serum HBV replication levels between 4 and <6 log(10) copies/mL were most likely to present with HCC. 54 Moreover, it was reported that a high serum concentration of HBV DNA (≥4 log (10) copies/mL) was a strong risk factor for HCC recurrence after surgical resection. 55 Therefore, NA treatment had been giving for these patients. However, beneficial effect of ART might be blunted by the development of viral resistance. 56 Furthermore, the effect of viral breakthrough in the HBV-SHCC patients with low viral load and timely rescue treatment for viral breakthrough remains unclear. 57 Our study indicated that degree of viral suppression after NA treatment was not only associated with survival time, but affected the survival rate of patients with HBV-SHCC. Patients got MVR had longer survival times than other groups. By comparison of subgroup analysis, we found that patients got MVR had longer survival time than patients with viral breakthrough. Patients receiving timely rescue treatment had longer survival time than without rescue treatment for viral breakthrough. Therefore, the selection of antiviral drugs and timely rescue treatment to maintain HBV suppression were necessary and essential for HBV-SHCC patients.
Kaplan-Meier survival analysis demonstrated that Child-Pugh grade and BCLC stage were beneficial factors for the survival time of patients with SHCC. Conversely, PVTT was identified as an adverse factor. Those results were similar to other associated HCC types. [58] [59] [60] Coxregression analysis demonstrated that BCLC stage was a protective factor for survival time and patients with SHCC who classified as BCLC stage A or BCLC stage B had higher survival rates than those grouped in BCLC stage C. Previous publications have reported that diabetes mellitus type 2 and impaired glucose tolerance are predictors of poor prognosis for patients with SHCC (≤5 cm). 61 However, it was not determined in the present study that there was any association between diabetes mellitus type 2 and the prognosis of SHCC (≤3 cm).
In conclusion, the NA treatment and virology response played crucial role in prolonging survival time and was protective factor for HBV-SHCC patients undergoing TACE. Therefore, regardless of before or after treatment of the local tumor lesions, NA treatment should be administrated to HBV-SHCC patients as soon as possible in order to sustain or maintain HBV suppression. Viral breakthrough was an independent risk factor for HBV-SHCC patients. HBV-SHCC patients who received NA treatment should be followed carefully and regularly, and timely rescue treatments were needed to manage once the virus mutates, regardless of liver function status. If patients treated with ADV or LAM+ADV got MVR, it was appropriate to continue to previous therapeutic schedule. In addition, BCLC stage was an independent protective factor for HBV-SHCC patients.
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